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Abstract. The species of Asteraceae family, sylph or cap plant, Silphium perfoliatum, cv.Vital and
Jerusalem artichoke, Helianthus tuberosus, cv. Solar from the collection of nontraditional fodder
plants, Botanical Garden (Institute) of Academy of Sciences of Moldova, as study objects. The annual
productivity of S. perfoliatum, cv.Vital was 14.28 kg/m2 of fresh mass and 2.41 kg/m2 of dry matter,
H. tuberosus, cv. Solar - 16.3 kg/ m2 or 4.0 kg/ m2 respectively. Chemical composition absolutely dry
substances of S. perfoliatum, cv.Vital: 15.94% raw protein, 3.25% raw fats, 29.96% raw cellulose,
165.17 mg/kg carotene and H. tuberosus, cv. Solar 9.32% raw protein, 1.93% raw fats, 21.29% raw
cellulose, 8.75% mineral substances, 58.71% non-nitrogenous extractive substances it was established
in the first harvesting. Stems of these species in autumn-winter accelerated release the humidity, are
resistant to lodging, does not demand sophisticated equipment at harvesting, and can be harnessed for
solid biofuel production; caloric capacity of the plant of S. perfoliatum reach 18.3 MJ/kg, and at the H.
tuberosus - 18.7 MJ/kg.
Keywords: Silphium perfoliatum, Helianthus tuberosus, productivity, nutritional value, caloric
capacity of biofuel.
INTRODUCTION
Humankind faces two major problems: food provision and energy shortages. Our
country has no fossil fuel deposits. Agriculture is the basic sector of the national economy
with a share of 15.1% of GDP, 60% of exports and 40% of the economically active
population of Moldova.
In the context of the current sharp rise in energy prices and climate changes
involving stronger droughts, agriculture needs to be directed towards increasing the diversity
of agricultural ecosystems by introducing and expanding the culture of plant species tolerant
to adverse environmental (thermic and hydric stress) and biotic factors which can make good
use of the existing pedoclimatic conditions, increase productivity and stability of agricultural
production, which requires a relatively low anthropogenic input to ensure the stability and
quality of production and can contribute to improving the quality of life in rural areas.
It is well known that increasing livestock plays an important role in sustainable
agriculture ensuring food supply for population. Currently, the revitalization of the animal
breeding sector continues to be a serious problem because of the livestock reduction,
deplorable state of pastures and hayfields, decreasing areas of fodder crops, failure to ensure a
continuity of fodder, unbalanced ration of vegetable protein, which acts negatively on
physiological condition and productivity of animals.
An important part in solving the above problems is played by herbaceous perennial
plant species with intensive growth which can ensure animals with vegetable food, and on the
other hand, can become a source for obtaining biomass for the production of renewable
energy. Scientific research conducted in the Botanical Garden (Institute) of the AȘM over
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decades were aimed at mobilization, improvement and implementation of new non-traditional
plant species that use efficiently photosynthetic active radiation and land resources to obtain
fodder with a high level of vegetable protein [9,10]. Some promising species are sylph  or cup
plant Silphium perfoliatum L. and jerusalem artichoke or topinambour Helianthus tuberosus
L., from Asteraceae Bercht. J.Presl family perennial herbaceous plants, originating from
North America. These species are investigated in many scientific centers and implemented as
crop in different regions of the Earth [1,3,4,6,7,8,9,10,11,12,13,14].
MATERIAL AND METHOD
The species Silphium perfoliatum L., the variety “Vital”, and Helianthus tuberosus L.,
the variety “Solar”, from Asteraceae family served as material for researches. The
experiments were conducted on the experimental field of the Botanical Garden (Institute) of
the AȘM. The experiences with Silphium perfoliatum started in early spring when the soil has
reached physical maturity, by planting them at a depth of 1.5-2.0 cm with previously stratified
seeds with subsequent compaction of the soil. The experiences with Helianthus tuberosus
started in the first days of April by planting the tubers of medium size at a depth of 7-10 cm.
Scientific researches on growth and development, productivity and nutritive value of fodder
plants and energy value of biofuels were carried out according to accepted standards and
methodical indications by Plant Resources Laboratory[2,5,15].
RESULTS AND DISCUSSIONS
Varieties of the investigated species of plants are created in the Botanical Garden
(Institute) of the AȘM by individual selection from large populations mainly intended for
animal feeding, registered at the State Commission for plant variety testing of Moldova.
Analyzing the scientific results concerning biological peculiarities of growth and
development, we can mention that in the first year of vegetation Silphium perfoliatum goes
through two stages of development: formation of plantlets and juvenile phase. Thus, by the
end of vegetation, the plants develop 12-16 leaves which make up the central rosette and root
system from rhizomes and long and thin adventives roots. The fresh mass productivity
reaches up to 20 -28 t / ha. In the second year of vegetation, in spring, when the air
temperature exceeds 5 ° C, starts plant development from generative buds formed on the
rhizomes, which go through all stages of ontogenetic development finishing with seed
formation. In the early days of vegetation the growth is slow, but after 25-30 days the growth
accelerates, forming shoots.
An important role in the fodder formation at Silphium perfoliatum L., beginning with
the second vegetation year, is played by intensive growth and development in spring with the
establishment of positive temperatures and can be used in animal feeding when annual fodder
plants such as corn and sunflower are at the early stages of development. Thus, at the end of
May, the shoots reach 1.3-1.6 m high, the growth rate in this period is about 7 cm/day, with a
high degree of foliage which constitutes 61%, the fresh mass productivity reaches 6.56 kg/m2,
while the amount of dry matter is low (0,80 kg/m2 absolutely dry matter).
In June the plants of Silphium perfoliatum continue to maintain the intense pace of
growth of the stem (a height of 1.80 m) and aerial biomass accumulation, having developed
14 leaves while those from the inferior part have already reached senility. Plant productivity
from the first harvest in this period of time reaches 10.60 kg/m2 of fresh mass and 1.26 kg/m2
of absolutely dry matter, but the leaf content in the fodder was reduced to 45%.
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At the beginning of July, Silphium perfoliatum plants have already formed floral
buttons, the growth of the stem is slower and they have reached a height of 2.50 m. Plant
productivity increases to 13.10 kg/ m2 of fresh mass or 2.18 kg/ m2 of absolutely dry
substance, with a sufficient content of 43% of leaves in the fodder.
After the first mowing at the end of May, over 5-7 days, the plants return to growth
and by the end of vegetation they reach 1.9 m high, the fresh mass productivity reaches 5.20
kg/ m2 and the annual productivity is 11.76 kg/m2 of fresh mass and 1.51 kg/m2 of absolutely
dry substance. The plants of Silphium perfoliatum harvested in June return to growth later,
and, by the end of vegetation, the plants do not exceed 1.4 m, the harvest of fresh mass is of 2
kg/m2, the annual productivity is of 12.60 kg/m2 of fresh mass and 1.68 kg/m2 of absolutely
dry matter, respectively.
The plants of Silphium perfoliatum harvested at the beginning of July return to
growth slowly, growing frail shoots up to 1m in height, ensuring a harvest of 1.18 kg/m2 of
fresh mass at the second mowing, while the annual productivity is of 14.28 kg/m2 of fresh
mass and 2.41 kg/m2 of dry matter, respectively. We can mention that in the conditions of
Republic of Moldova the blooming starts in late July – early August and extends over a period
of 51-60 days, this positively influences the food supply for bees. It is worth mentioning that a
flower eliminates 0.3-0.4 mg of sugar in nectar which allows to collect 150-220 kg/ha of
honey [10,11,12]. Extending the period of flowering has a negative impact on the
homogeneity of seed maturation, harvest mechanization and their quality. The fruit is an
achene. The seeds productivity reaches up to 2.9 - 4.5 q/ha.
It has been found that in the second – third year of vegetation a bush with 3-7 shoots
is formed, and at the age of 5 years there are 10 -14 shoots on a bush.
According to the results of scientific researches carried out on plants of Helianthus
tuberosus L. at the age of 2-3 years, it was determined that vegetation is restarted with 20 to
23 days later in comparison with Silphium perfoliatum. In the first 20 to 30 days after the
formation of plantlets, the aerial part development is slow: a rosette of 4-5 leaves is formed
and the stem growth is initiated. In this time, the root system develops more intensively,
forming fibrous roots that can extend up to 30 cm. Over the next 20 -25 days growth and
development become faster and, the end of June, the plant height reaches about 2.0 m, having
developed 37-40 leaves with a natural fodder production potential of 10,7 kg/ m2. The content
of the leaves in the natural fodder is about 45%. Over the next 20 days, a fast pace of growth
and development is maintained, thus the plants reach a height of 2.6 to 2.9 m with about 50
leaves; respectively - 14.9 kg/ m2 of natural forage or 3.6 kg/ m2 of absolute dry matter can be
obtained. During this period of time, we found a decrease in the content of leaves in the
harvested mass up to 38.2% due to the fact that the first 11 to 13 leaves from the base of the
stem had reached the age of senility. At the same time, the content of dry substance in natural
fodder increased from 22.4% to 24.8%. At the stage of flower buttons formation at the end of
July and beginning of August, the plants exceeded the height of 3.1 m, having developed
more than 60 leaves; the first 15 to 18 leaves were already dry. This led to the reduction of the
leaves content in the harvested mass up to 36.1%. In that phase of the development, plant
productivity amounted to 14.4 kg/ m2 of fresh mass or 3.7 kg/ m2 of absolutely dry matter. In
the next period until the end of the vegetation, it was found a decrease in weight and content
of harvested fresh mass and leaves content, the accumulation of completely dry matter was
insignificant. After harvesting, the plants of Helianthus tuberosus have a slower growth rate
compared with Silphium perfoliatum, and by the end of vegetation they reach a height of
0.7 m; their productivity amounts to 1.1 to 1.9 kg/ m2 natural fodder. The highest annual




Biochemical composition of the fodder at the species Silphium perfoliatum
and Helianthus tuberosus in bud formation phase
Indices Helianthus tuberosus L. Silphium perfoliatum L.

















































It is known that animal body, in order to maintain vital functions and give different
production, needs permanently exogenous nutrients received from fodder, which, after the
process of digestion and assimilation, are used by the body to ensure the following functions:
plastic, energetic and biocatalytic. Based on the foregoing, it was determined absolutely dry
matter content, chemical composition, the content of macro-and micronutrients, amino acids,
nutritional value and metabolizable energy of the fodder from the fresh mass of the
investigated species harvested during the formation of flower buttons. It was determined that
the dry matters of the fodder of Silphium perfoliatum contain protein (15.94%) and fat
(3.25%) at the same level as traditional fodder legume crops (alfalfa and sainfoin). The
content of these substances in Helianthus tuberosus is much lower (tab. 1). However, it was
attested that Helianthus tuberosus has a high level of non-nitrogenous extractive substances
and the level of cellulose is decreased comparatively. It can be mentioned that the studied
species differ by mineral content. Silphium perfoliatum plants have a high content of
phosphorous, potassium, calcium, copper, strontium, and the Helianthus tuberosus –
magnesium, manganese, iron, and sodium.
Silphium perfoliatum plants are characterized by a high carotene content which
reaches 165.17 mg/kg of dry matter.
The biological value of the protein is determined by amino acids content in it and
especially of the essential ones. After analysing the composition and the amount of amino
acids, it has been found out that Silphium perfoliatum plants have a higher content of amino
acids than Helianthus tuberosus plants (tab. 2), particularly of essential amino acids: leucine,




The amount of amino acids in the fodder at Silphium perfoliatum
and Helianthus tuberosus species in bud formation phase






















































































The aerial biomass of Silphium perfoliatum and Helianthus tuberosus plants can be
used to produce solid biofuels. It is known that the heat capacity of solid biofuel depends on
the humidity and mineral content. The leaves have higher ash content than the stems. The rate
of tissues dehydration and fall of the leaves from stems were investigated in order to
determine the optimal period of biomass harvesting.
At the end of the period of vegetation and with the establishment of negative
temperatures the studied species are distinguished by the pace of fall leaves and dehydration
of tissues. The degree of foliage of Silphium perfoliatum at the end of the vegetation
(October) is about 35%, while the degree of foliage of Helianthus tuberosus - 24%. Over 15-
35 days, depending on weather conditions, Helianthus tuberosus stems are completely
defoliated, while the Silphium perfoliatum leaves are kept for a long period of time (in March,
dry leaves on the stems constitute 7-9% of biomass). The plants of Helianthus tuberosus in
field dehydrate faster than Silphium perfoliatum, but in December the humidity of the stems
of these species is the same (about 23-25%) at the end of January - below 20%, and in early
March 13-14%.
The bulk density of the chopped stems at biomass harvesting reflects on
transportation and storage expenses. It has been established that the bulk density of the
collected material of Silphium perfoliatum constitutes 241 kg/m3, and the bulk density of the
collected material of Helianthus tuberosus is higher than 288 kg/m3. The heat capacity of
absolutely dry mass of Silphium perfoliatum reaches 18.3 MJ/kg, and heat capacity of
absolutely dry mass of Helianthus tuberosus - 18.7 MJ/kg.
We think that the biomass of the studied species, harvested in December, can be
processed into briquettes. The spongy tissue of Helianthus tuberosus stems creates some
difficulties at briquetting – the end product durability decreases (it becomes more crumbly).
The density of briquettes made from Helianthus tuberosus is about 722 kg/ m3, and the
density of the briquettes made from Silphium perfoliatum, which can be easier processed into
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briquettes, is 949 kg/ m3. The amount of ash produced in the process of combustion, due to
the increased quantity of leaves in biomass, is higher at Silphium perfoliatum (3.0%) than at
Helianthus tuberosus (1.3%).
CONCLUSIONS
The studied species can be recommended as fodder crops for livestock insurance
with high nutritional quality food.
These species will contribute to the expansion of green conveyor. Silphium
perfoliatum harvest starts in the second half of May, Helianthus tuberosus harvest - in June
and the plantations of these crops can be exploited until late autumn, at the establishment of
negative temperatures.
The production of dry matter is: at Helianthus tuberosus - 4.0 kg/m2, at Silphium
perfoliatum - 2.41 kg/m2.
The content of nutrients (protein, fat, non-nitrogenous extractive substances,
cellulose, and carotene) of macro- and microelements in natural fodder of the studied species
show a valuable nutritional quality.
The natural fodder of Silphium perfoliatum has an increased content of protein
(15.94%) with a high biological value due to increased content of essential amino acids.
The stems of these species quickly dry in autumn-winter; they are resistant, cannot
be flattened easily and can be harnessed to produce solid biofuels with high heat capacity.
The plantations of the studied species, meant for the production of biofuels, ensure
late collection of pollen by bees.
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